Abstract: Indium mediated reduction of azide and nitro groups in the presence of HCl (1.5 equiv based on indium) at room temperature in aqueous THF successfully provided the corresponding amine in high to quantitative yields. Under the same reaction conditions, selective reduction of azide and nitro group in the presence of vinyl group could be accomplished.
A number of reduction reactions of nitro groups and azides have been studied since they provide ways to the useful amino functional group.
1 Reduction of nitro groups generally depends on the nature of the carbon atom to which it is bonded. Especially aliphatic nitro groups are easily reduced to various groups, e.g. aldoximes, ketoximes, hydroxyamines, ketones, and aldehydes according to the reaction conditions.
2 Besides, nitro compounds bearing carbon-carbon double bond lead to saturated nitro compounds, saturated amines or oximes by numerous methods.
3 Recently, Moody et al. 4 and Reddy et al. 5 independently reported reduction of nitro and azide groups using indium in the presence of NH 4 Cl in aqueous EtOH and EtOH reflux conditions, respectively.
In this paper we report more efficient, simple, practical, and milder reduction of nitro and azide groups using indium at room temperature in acidic aqueous media. As shown in Scheme 1, we found that aliphatic or aromatic nitro and azide groups were easily reduced to the corresponding amine in the presence of HCl at room temperature in aqueous THF (H 2 O/THF, 3:1 v/v) in high to quantitative yields. Table 1 summarizes the results of reduction of azide groups. Aromatic as well as aliphatic azides reacted with indium (2.0 equiv) in the presence of HCl (1.5 equiv based on indium) to provide the corresponding amine at room temperature in aqueous THF in 68−98% yield. Especially the allylamine (Table 1, Entry 4) and α-amino ester (Table 1, Entry 10) could be obtained from the corresponding azides leaving the vinyl and ester group intact, respectively. Next, we turned our attention to the reduction of nitro groups. Aromatic and aliphatic nitro groups were treated with indium (4.0 equiv) in the presence of HCl (1.5 equiv based on indium) in aqueous THF at r.t. to give the corresponding amine in excellent yields as shown in Table 2 . Reaction times were mostly short compared to azide groups. It is noteworthy that (4-nitrobut-1-enyl)benzene (1) and ethyl 4-(2-nitrophenyl)but-2-enoate (2) were converted to the corresponding amine without reduction of double bond in 78% and 77% yield, respectively (Scheme 2). Finally, we investigated the reduction of compounds bearing two nitro groups, two azides, and mixed azide-nitro groups, respectively. As shown in Table 3 , those groups reacted with indium (6.0 equiv in nitro-azide, 8.0 equiv in nitro-nitro, and 4.0 equiv in azide-azide) in the presence of HCl at r.t. to yield the corresponding diamine in 60−99% yield.
In summary, we have demonstrated an efficient, mild and novel reduction methodology of azide and nitro groups using indium in the presence of HCl at room temperature in aqueous media. Our method is distinguished from other analogous reactions 4, 5 by shorter reaction time, mild reaction condition and good yields for both aromatic and aliphatic compounds. In particular, it provides an excellent synthetic pathway to the selective reduction of azide and nitro groups in the presence of unsaturated carbon-carbon bonds.
1 H NMR spectra were obtained on a Varian Gemini 300 and Bruker Avance 300 spectrometers. Chemical shifts were reported in ppm. Infrared spectra were obtained on a Perkin Elmer 16FPC FT-IR spectromter. MS spectra were obtained on a HP G1034C spectrometer. Analytical TLC were carried out on precoated silica gel plates (Merk Kieselgel 60F254, layer thickness 0.25 mm).
Ethyl 4-(2-Aminophenyl)but-2-enoate; Typical Procedure
To a solution of (4-nitrobut-1-enyl)benzene (1; 100 mg, 0.56 mmol) in aq THF (3 mL) was added indium powder (260 mg, 2.26 mmol) and concd HCl (300 µL). After stirring for 3 h at r.t., the pH of the reaction mixture was adjusted to 7 with solid NaHCO 3, diluted with H 2 O and extracted with EtOAc, and the organic layer was dried (MgSO 4 ) and concentrated in vacuo. The crude product was purified by a short column chromatography on neutral alumina (Scheme 2). 143.9, 129.6, 128.9, 128.0, 124.2, 119.3, 116.4, 61.2, 39.2, 14.6 . 
